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1
Introduction

Cutaneous T-cell lymphoma (CTCL), a rare form of non-Hodgkin lymphoma, accounts for 

approximately 3% of all lymphoma cases and presents unique challenges in oncological 

research. Characterized by malignant T-cell accumulation in the skin, often without 

initial spread beyond this organ, CTCL exemplifies the complexity and variability of rare 

malignancies (1). CTCL represents a heterogeneous group of disorders, including subtypes 

such as mycosis fungoides (MF), Sézary syndrome (SS) and CD30+ lymphoproliferative 

disorders (LPDs). While primarily a skin disease, CTCL can evolve into systemic lymphoma, 

spreading to lymph nodes and internal organs. As it constitutes approximately 75% of all 

primary cutaneous lymphomas, understanding CTCL’s intricate pathobiology demands 

comprehensive and detailed research approaches (2). In this regard, in vivo mouse models 

are potentially powerful tools in unraveling the complexities of CTCL’s pathogenesis. Such 

models can lead to the design of well-targeted early-stage treatments, which can then be 

preclinically tested in these experimentally accessible models.

In this introductory chapter, we thoroughly examine various in vivo mouse models 

currently at the forefront of CTCL research. This includes a focused discussion on the 

latest developments in transplantation models and genetically engineered mouse models 

(GEMMs). We will clarify the subtypes of CTCL if the references classify the model clearly. 

When the model’s CTCL subtype is not clear, we will use the term ‘CTCL model’ broadly 

to encompass the diverse spectrum of this disease. Each model provides insights into 

different aspects of the disease, from tumor-host environment interactions and gene 

functions to drug efficacy validation. These contribute to our deepening understanding 

of CTCL and aid in the advancement of innovative therapeutic approaches. Here we will 

categorize and introduce mouse models of CTCL including the next top mouse models, 

serving as a reference for researchers unfamiliar with mouse experimentation when 

selecting models for CTCL research.

1.	 Transplantation Mouse Models in CTCL Research

Transplant models are essential in CTCL research and typically involve transplanting 

(human) donor cells or tissues into a recipient organism (mice). CTCL transplant models 

focused on late-stage human cutaneous lymphomas. These ‘Xenograft models’ involve 

transplants between different species, requiring immunodeficient mice to receive human 

CTCL cells or tissues. However, these models lack a fully competent immune system, which 

is a significant limitation, as it prevents a complete understanding of immune system 

interactions in CTCL. Additionally, they primarily focus on established tumors, offering 

limited insight into the early stages of CTCL pathogenesis. This underscores the need 
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for cautious interpretation of results from these models, especially regarding immune 

response and early disease development. ‘Syngeneic transplant models’ use genetically 

identical mice to avoid graft-host reactions and preserve normal interactions between 

tumor and immune system, but do not involve genuine human CTCL. These models, 

detailed in subsequent sections, offer valuable insights into CTCL pathogenesis and 

treatment response (3).

1.1. 	 Immunodeficient Mouse Models with Transplantation

Immunodeficient mouse models are critical for CTCL research, allowing the study of 

tumor progression and response to treatments. These models are particularly valuable 

for precision medicine, enabling individualized testing of medication in the laboratory to 

circumvent disease heterogeneity. Patient-derived xenograft (PDX) and cell line-derived 

xenograft (CDX) models, wherein tumor cells from patients or established cell lines from 

MF, SS and other CTCL subtypes are transplanted into immunodeficient mice, play a key 

role. Among the cell lines utilized to study CTCL, SeAx, Sez4, SZ4, H9, and Hut78 correspond 

to SS origins, providing insight into this subtype. Similarly, Myla and HH cell lines reflect 

advanced MF, while Mac2A and PB2B are indicative of CD30+ LPDs, and MJ and Hut102 

lines are associated with Adult T-cell Leukemia/Lymphoma (ATLL), demonstrating the broad 

spectrum of CTCL manifestations (4) . The recipient mice for the PDX and CDX model, due 

to targeted genetic modifications that eliminate certain crucial immune functions, do not 

reject the transplanted cells or samples (5). However, the absence of a fully functional 

tumor microenvironment and a comprehensive host immune response are notable 

limitations of these models. 

Current CTCL research lacks comprehensive studies comparing engraftment efficiency and 

metastatic rates in various immunodeficient mouse strains (6-8). Predominantly, NSG, 

NOG, and NRG mice have been preferred in recent CTCL studies due to their superior 

engraftment capabilities, particularly effective in researching human acute leukemia and 

melanoma (9, 10). Under specific pathogen-free conditions, these strains exhibit longer 

lifespans, enhancing their value in xenotransplantation. The pioneering nude mouse 

model, despite its historical significance in cancer research, shows lower engraftment 

success (6).

Other strains like NSB, C.B-17 SCID Beige, and Rag2 -/- γ -/- mice, despite shorter lifespans, 

display impressive engraftment abilities. Each strain offers unique traits that are beneficial 

for specific research purposes. For instance, NOD SCID mice are crucial in studying the 

pruritic phenotype of CTCL (11, 12).



13

1
Selecting the right immunodeficient mouse strain is critical for CTCL research and depends 

on study goals, graft nature, and experimental conditions. Thoughtful selection is key to 

translating preclinical results into clinical applications and advancing CTCL understanding 

and treatment. Below we outline and compare various immunodeficient mice used in CTCL 

research (refer to Tables 1 & 2).

Table 1. The main features of immunodeficient mouse models for transplantation in CTCL 

research.

Mouse Strain Mutated gene Cell population change Main Features

NSG

 (6)
Prkdcscid Il2rgtm1Wjl

No T cells

No B cells

No NK cells

Long lifespan: a median 

survival time of 89 weeks.

High engraftment ability.

NOG 

(7)
Prkdcscid Il2rgtm1Sug

No T cells 

No B cells

No NK cells

Similar to NSG

Long lifespan. 

High engraftment ability.

NRG 

(13)

Rag1tm1Mom 

Il2rgtm1Wjl

No T cells 

No B cells

No NK cells

Similar to NSG

Long lifespan.

High engraftment ability.

NSB

(9)
Prkdcscid B2mtm1Unc/J

No functional T cells

No functional B cells

Diminished NK cells

No MHC class I

No complement factor C5

Short lifespan: the average 

lifespan 30 weeks. 

High engraftment ability
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Nude nu/nu

(14)
Foxn1nu No T cells

Moderate lifespan: 6 

months to one year. 

Low engraftment ability.   

NOD SCID

(11)

Prkdcscid 

(NOD background)

No functional T cells

No functional B cells

Short lifespan: the median 

survival time: 37 weeks

Moderate engraftment 

ability. Slightly lower than 

NSG, NOG and NRG

CB 17 SCID

(15)

Prkdcscid

(C.B-17 background)

No T cells 

No B cells

Moderate lifespan: around 

one year.

Moderate engraftment 

ability.

CB17 SCID 

beige

(16)

SCID 

beige

No T cells 

No B cells

Defective NK cells

Moderate lifespan

High engraftment ability. 

Rag2 -/- γc-/-

(17)

Rag2tm1.1Flv

Il2rgtm1.1Flv

No T cells

No B cells

No NK cells

Short lifespan: the average 

lifespan 34 weeks.

High engraftment ability. 
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1.1.1.	 NSG mouse in CTCL  

NSG mouse strain, formally named NOD.Cg-Prkdcscid Il2rgtm1Wjl, is indispensable for CTCL 

studies because of its broad immunodeficiency (6). Their unique genetic background 

amalgamates traits from NOD, SCID(Prkdcscid), and gamma mutation (Il2rgtm1Wjl), resulting 

in the absence of functional T cells, B cells, and NK cells. The profound immunodeficiency 

of NSG mice positions them as an exemplary recipient for development of intrahepatic 

xenograft models of CTCL, facilitating the evaluation of tumorigenicity and therapeutic 

responses. The maintenance of NSG mice requires stringent pathogen-free conditions due 

to their lack of immune defenses, which has implications for the management and costs 

of these studies. Despite this, the NSG model’s inability to mount an adaptive immune 

response offers an excellent recipient.

With the aid of this model, researchers have progressively unveiled tumor-driving pathways 

and corresponding treatment of CTCL, e.g. the cMyc/miR-125b-5p signaling axis (21), TOX 

genes (22), Mucin 1 (23), and the potential therapeutic effects of gallium maltolate in 

inhibiting tumor growth (24). Furthermore, the NSG mouse model has demonstrated its 

utility in the rapid assessment of CTCL (32), and in subsequently testing novel therapeutic 

modalities, in particular employing demethylating agents in conjunction with mucin 1 

inhibitors (25). These studies not only underscore the importance of CTCL heterogeneity 

but also highlight the therapeutic potential of coordinated treatments involving PI3Kalpha/

delta and HDAC (18, 19, 26), kinase inhibitors with TAK1 (27, 29), the synergistic 

combination of Bcl-2 and NFκB inhibitors (30) and the effectiveness of a bispecific IL2-CCR4 

immunotoxin (34). Recent advancements include the superior performance of CCR4-IL2 

immunotoxin (35), RT39 peptide therapy (33), novel drug NT1721 (28), JAK3-INSL3 fusion 

transcripts (31), anti-CCR4 CAR T cells (36), universal CD2 CAR-T therapy (37) and the 

antibody-drug conjugate SGN-CD70A (20) have further expanded the therapeutic research 

landscape for CTCL.

1.1.2. 	 NOG mouse in CTCL 

The NOG mouse model, formally designated as NOD.Cg-Prkdcscid Il2rgtm1Sug, stands out 

in CTCL research for its pronounced immunodeficiency, miming severe combined 

immunodeficiency (SCID) in humans (63). IN close similarity to NSG, this strain is void 

of functional B and T lymphocytes due to the Prkdcscid mutation and lacks natural killer 

(NK) cells due to the IL-2Rγnull mutation, making them an ideal platform for human cell 

engraftment (38). In researching the effects of microRNAs on CTCL, the NOG model has 

revealed the tumor-suppressive role of microRNA-16, while IL-22 may facilitate tumor 
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metastasis (39, 40). Furthermore, miR-150 has demonstrated potential in inhibiting tumor 

metastasis (41) and histone deacetylase inhibitors targeting miR-150 and CCR6, such as 

Vorinostat, have presented new strategies for the treatment of advanced CTCL (42).

1.1.3.	 NRG mouse in CTCL

The official name for the NRG mouse model is NOD.Cg-Rag1tm1Mom Il2rgtm1Wjl. Due to the 

knockout of the Rag1 and Il2rg genes, this mouse model lacks mature T, B, and NK cells (13).

The studies using NRG mice for CTCL research found that the combined use of 

chlorpromazine and romidepsin displayed significant antitumor activity (8), and the 

expression of CD38 is associated with the progression of CTCL, suggesting that CD38 may 

play a significant role in the immunopathogenesis of CTCL and could potentially become a 

new target for therapeutic intervention (43).

1.1.4.	 NSB mouse in CTCL

The NSB mouse model with the official name NOD.Cg-PrkdcscidB2mtmUnc/J, distinct in their 

immunodeficiency due to a B2mtm1Unc mutation affecting MHC class I expression, lack 

CD8+ T cells and exhibit impaired NK cell function (64). This characteristic enables the 

strain to support the engraftment of malignant T cells such as Myla2059, providing a 

robust model for the study of late-stage CTCL, especially MF, dissemination and treatment 

(44).  Additionally, the secretion of molecules such as galectin-1 and -3 by malignant T 

cells has been associated with the disruption of skin architecture and the proliferation of 

keratinocytes in CTCL (45, 46).

Distinct from the NOG and NSG strains, which suffer from impaired NK cell function due 

to mutations in the IL2R gamma chain, the deficit in this strain arises from the impact of 

the B2m mutation on MHC class I expression, marking its unique role in the study of CTCL 

models

1.1.5.	 Nude (nu/nu) mouse in CTCL

The “nude” (nu/nu) mouse model, which lacks a mature thymus due to a Foxn1 gene 

mutation, resulting in underdeveloped T cells (14), has become a critical model for 

evaluating CTCL therapies, especially in terms of treatment responses for MF patient-

derived skin lesions. These mice with transplants of MF have shown enhanced effects of 

combination therapies, like PUVA and mogamulizumab, a monoclonal antibody targeting 

CCR4, compared to monotherapies (47, 48). Further studies using “nude” mice have been 

conducted to test the effectiveness of Vorinostat and the HIF-1α inhibitor Echinomycin, 
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unveiling their potential in combating CTCL (49, 65). The dual PI3K/mTOR inhibitor PF-

502 has also been shown to prolong survival in “nude” mice, suggesting its potential as a 

promising therapeutic for CTCL (50). And metabolic analysis of CTCL model mice has led to 

the discovery of fluctuations in L-glutamate and adenosine monophosphate levels, which 

could contribute to understanding CTCL the dynamics of biomarkers (51).

1.1.6.	 NOD SCID mouse in CTCL

The NOD SCID mouse model, formally designated as the NOD. CB17-Prkdcscid strain, is 

valuable in CTCL research as recipient mice due to its lack of mature T and B cells, making 

it suitable not only for studying pruritus—a hallmark symptom of CTCL (12) —but also for 

investigating tumor growth, early symptoms, and the role of gender in disease mechanisms 

(52, 53). Employing the NOD SCID mice for the CTCL model, LW-213 has shown notable 

therapeutic potential, inhibiting the growth of CTCL-associated xenograft tumors and 

improving survival rates (54). Additionally, this model has been used to validate the role of 

PAK1 in CTCL cell proliferation and the therapeutic potential of its inhibitors (55), as well 

as to study the role of BIN1 in disease progression through its regulation of c-FLIP affected 

Fas/FasL-mediated apoptosis  (56). Moreover, the combined application of retinoic acid 

and histone deacetylase inhibitors has demonstrated antitumor effects (57).

1.1.7.	 CB17 SCID mouse in CTCL

The CB17 SCID mouse model, originating from the C.B-17 strain, bears a PrkdcSCID gene 

mutation that results in a profound deficiency in adaptive immunity by impairing T and 

B lymphocytes (66). This strain, as recipient mouse of CTCL from SS patient-derived skin, 

provides valuable insights into the pathology and can aid in developing new therapeutic 

strategies (15). Recent research has demonstrated that the combined use of Brentuximab 

Vedotin (BV) with doxorubicin exhibits significant tumor suppression in the HH cell tumor 

model in CB17SCID mice, further confirming the potential of this drug combination in the 

treatment of T-cell lymphomas (58).

1.1.8.	 CB17 SCID Beige mouse in CTCL

The CB-17 SCID beige mouse model, due to the combined SCID and beige mutations, 

possesses an extensive range of immunodeficiencies, including the absence of T 

cells, B cells, and compromised NK cell function, providing a more comprehensive 

immunodeficient model than the CB17 SCID defect only (16). As a recipient, these mice 

excel in tumor studies due to their increased tumor growth rates compared to less 

immunodeficient nude mice, ideal for aggressive tumor research contrasting slower-

progressing SS tumors (59). In CTCL research, these mice, together with the EL4 mouse T-cell 
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lymphoma model, have aided in discovering that the expression of galectin-9 on tumor 

cells is inversely proportional to CD8+ T cell infiltration in the skins of EL4 mouse model 

and serum levels of galectin-9 correlate with disease severity. However, the anti-tumor 

effect of exogenous high-dose galectin-9 administration demonstrated anti-tumor effects 

in CTCL, underscore its significance as a potential therapeutic target (60).  

1.1.9.	 Rag2 -/- mouse in CTCL

The Rag2-/- mouse model carries a mutation that disables the Rag2 gene, essential for 

T and B lymphocyte development through V(D)J recombination. This mutation results 

in a complete absence of mature T and B cells, creating a foundational model for 

immunodeficiency studies (67). While not a primary model for CTCL itself, Rag2-/- mice 

serve as recipients in specific studies, such as those involving subcutaneous injections of 

modified CD4+ T cells from Myc+ Cdkn2a -/- mice, to explore the mechanisms of cutaneous 

hypersensitivity and the immunological roles of IL-7 and IL-15 (68). An enhanced version 

of this model, the Rag 2-/- γc-/- mice, lack functional T, B, and NK cells due to the knockout 

of both the Rag2 and the interleukin-2 receptor gamma chain gene (Il2rg or γc), which 

affects cytokine receptor production. This strain is suitable for xenotransplantation studies 

on SS, in particular it sustains long-term systemic repopulation with injected SS cell lines or 

primary cells without immune rejection (61).

The SRG15 mouse, an advanced version of the Rag 2-/- model, combines Rag2-/-

, γc-/- mutations and humanized IL15 and human signal regulatory protein alpha 

(SIRPA) mutations (69). These ‘humanized’ mice are engineered to express human IL-

15, accommodating the growth of SS tissue samples more effectively than traditional 

immunodeficient models. Integrating of human IL-15 and SIRPα genes in the SRG15 mice 

enables them to support human NK and T cells, making them excellent tools for studying 

human immune cell behaviors (62).

1.2.   Non-immunodeficient Mouse Models with Syngeneic Transplantation 

Syngeneic transplantation models, wherein syngeneic lymphomas are introduced into 

the skin of mice, serve as valuable tools for investigating tumor behavior and host-

tumor interactions. These models allow for studying tumor dynamics within a genetically 

consistent background, offering insights into the tumor’s interaction with a native 

immune system. However, it is crucial to acknowledge that these models have limitations 

in representing the human immune system and the diverse variants of the disease. 

Specifically, they lack the complexity and heterogeneity inherent in human CTCLs. Such 

differences are crucial for researchers to consider, ensuring that the distinct differences 
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between model and human disease are accounted for in research conclusions and clinical 

applications.

1.2.1.	 MBL2 mouse model in CTCL

The Mannose-Binding Lectin 2 (MBL2) mouse model, utilizing C57BL/6 mice as a syngeneic 

platform, creates an auto transplantation model for CTCL by injecting MBL2 lymphoma 

cells and inducing inflammation with DNFB. Although not based on genuine CTCLs, this 

model effectively simulates the impact of inflammation observed in CTCL and highlights 

the potential of anti-inflammatory treatments such as the PARP-1 inhibitor talazoparib and 

IL-10 suppression in controlling tumor growth (70-72). Further research has confirmed 

the efficacy of CD47 blockade agents and CCR2 inhibitors in slowing tumor growth and 

modulating the tumor microenvironment (73, 74). The discovery that rapamycin inhibits 

tumor growth by highlighting its impact on the metabolism of lymphoma cells, particularly 

reducing the reliance on aerobic glycolysis, offers a new avenue for metabolic intervention 

in treating CTCL (75).

1.2.2.	 EL4 mouse T-cell lymphoma model 

The EL4 mouse model uses a T-cell lymphoma cell line derived from C57BL/6 mice and 

serves as a syngeneic transplant model for CTCL by virtue of inoculation in the skin with an 

impact on matching immune system. Studies utilizing this model in CTCL-related research 

have shown that bexarotene demonstrates immunomodulatory potential by reducing 

levels of CCL22 (76). Moreover, combining mogamulizumab with PUVA therapy shows 

enhanced therapeutic effects (77). This model has also demonstrated a possible role for 

CXCL11 in anti-CTCL treatment (78), revealed the role of TSLP in promoting a Th2-dominant 

tumor environment (79), and identified galectin-9 as a potential new therapeutic target 

for CTCL (80). Additionally, the EL4 model has elucidated the role of IL9 and its regulatory 

factors in MF (80), as well as the importance of PlGF in promoting lymphoma cell growth 

and disease progression in CTCL (81). 

1.2.3.	 Murine bone marrow transplantation model 

The bone marrow transplantation model for CTCL, examining the JAK3A572V mutation, 

provides insights into lymphocyte development and the mutation’s role in T-cell 

proliferation and survival. This model reflects the pathological traits of aggressive 

lymphoproliferative disorders, including CTCL, with manifestations such as skin 

involvement in human CTCL. Findings indicate the JAK3A572V mutation’s capacity to induce 

a transplantable, diverse CTCL-like disease, exacerbated by trisomy 21, which may result 

in fatal leukemia from CTCL phenotypes (82, 83). Bone marrow transplantation models 
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are relatively complex to operate and require high-standard experimental equipment and 

environments, which limits the application of the model.

2.	 Non-Skin Target Genetically Engineered Mouse Models (GEMMs) in CTCL 
Research: carcinogenesis from a to z.

Genetically Engineered Mouse Models (GEMMs) offer a physiologically relevant platform 

to study human CTCL by introducing specific gene modifications (84). Genomic analysis has 

identified a number of genes as potential therapeutic targets in CTCL (85). Given that mice 

share about 85% genetic similarity with humans (86, 87), GEMMs facilitate understanding 

the role of specific genetic modifications in CTCL development. These models enable 

the study of natural cancer progression and interaction with the immune system from 

the onset (88). However, non-skin target GEMMs primarily simulate systemic CTCL 

pathogenesis and often do not originate from skin-homing CD4+ T cells, the main origin of 

CTCL genesis, limiting their applicability to skin-centric CTCL features.

2.1.	 Knockout Mouse Models in CTCL Research: Starting from systemic 
tumorigenesis. 

Knockout mouse models are prevalent in CTCL research, enabling the study of gene 

function by gene deletion, particularly in the core cell type implicated in CTCL, CD4+ T cells 

(89). The CD4CreERT2 transgenic mouse model exemplifies this, where Cre is controlled 

by the CD4 promoter and gene editing thus selectively targets CD4+ T cells. The Cre/lox 

system used here allows for temporal and cell-specific gene inactivation via tamoxifen-

activated CreERT2 recombinase. Such inducible knockouts are tools for dissecting gene roles 

in CD4+ T cells, providing insights into their complex functions in immunity and disease 

progression. Although, they may predominantly manifest skin symptoms similar to CTCL, 

they originate from systemic T cell disorders, aligning more with secondary CTCL types (90). 

It highlights the need for careful consideration when extrapolating findings from these 

models to primary CTCL.

2.1.1.	 R26STAT3Cstopfl/+ CD4Cre Mouse Model

The R26STAT3Cstopfl/+ CD4Cre mouse model is utilized to assess the consequences of 

persistently active STAT3 in CD4+ T cells. These mice are genetically engineered to have a 

modified STAT3C gene at the ROSA26 locus (91), which is continuously expressed in CD4 

cells due to removing a stop sequence flanked by loxP sites through the CreLoxP system. 

This persistent activation of STAT3 simulates skin abnormalities akin to those seen in CTCL. 

Research by Fanok et al. using this model revealed that dysregulated cytokine signaling, 

particularly aberrations in the IL-2 receptor signaling pathway and the JAK-STAT signaling 
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pathway, as well as imbalances in microenvironmental factors, like the skin microbiome, 

may promote the onset and progression of CTCL (92).

2.1.2.	 CD4CreERT2Satb1fl/fl Rosa26N1-ICD Mouse Model

The CD4CreERT2Satb1fl/flRosa26N1-ID mouse model is designed to study the role of SATB1 

protein by deletion and Notch1 by overexpression (intracellular domain N1-ICD) in 

CD4+ T cells (not only those residing in the skin). This model mirrors advanced - CTCL 

pathogenesis. SATB1 loss leads to increased chemokine receptors including CCR4, affecting 

T-cell migration with the transformation of CD8+ T cells into CD4+ CD8+ double-positive 

T cells and more infiltration of CD3+ T cells in the skin of the mice, and CTCL progression. 

Moreover, with exhibiting CD8 and CD11b co-expression and symptoms like splenomegaly 

and lymphadenopathy, it is a valuable tool for exploring late-stage CTCL’s advancement and 

treatment (93).

2.2.	 Transgenic Mouse Models in CTCL Research

Transgenic mouse models are created by inserting exogenous DNA into the mouse genome, 

which allows for precise manipulation of gene expression to assess gene function and its 

impact during a disease (94). In CTCL research, these models are crucial for exploring genes 

associated with the disease, providing a window on the mechanisms of CTCL onset and 

progression.

2.2.1.	 IL-15 Overexpression Mouse Model

The IL-15 overexpression mouse model uses transgenic technology to introduce an 

exogenous IL-15 gene into the mouse genome, leading to its overexpression and causing 

the mice to develop a CTCL-like disease similar to the human condition. IL-15 is a cytokine 

involved in the maturation of lymphocytes (95, 96). This model mirrors the high levels of IL-

15 found in CTCL patients and allows for the observation of clinical symptoms and disease 

progression in vivo, aiding in the understanding of the role of IL-15 in the pathogenesis 

of CTCL (97, 98). It helps identify potential therapeutic targets, including the regulation 

of Zeb1 and exploring inhibitors of HDAC and miR-214 (97, 99). The highlighted negative 

regulatory relationship between miR-29b and BRD4 opens up new avenues for preventing 

the progression of CTCL (100).

It is important to note that while the IL-15 overexpression mouse model provides valuable 

insights into the role of IL-15 in CTCL, it cannot explain the mechanisms by which IL-15 

overexpression occurs in patients. Therefore, further studies are needed to understand this 

fully and develop effective treatments.
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Based on the latest advances in CTCL research, we aim to create autochthonous mouse 

models that can effectively replicate the disease’s initial skin-based progression (1). These 

models are designed to modify genes in skin-homing CD4+ T cells and local inflammation, 

closely mimicking the natural development of CTCL. They significantly enhance our 

understanding of the origins of early-stage CTCL and show promise in designing early 

intervention measures.

The scope of this thesis

This thesis starts with an overview in Chapter 1, introducing the application of in vivo 

mouse models in the study of CTCL. These mouse models are crucial for deciphering the 

pathogenesis of the disease and testing potential treatment methods. My Ph.D. pursuit 

aims to establish Skin-Targeted Genetically Engineered Mouse Models (GEMMs) using gene 

alterations found in patient tumors through high-throughput sequencing, which might be 

the key factors to trigger CTCL. These models are intended to investigate the pathogenic 

role of these genes in the early stages of CTCL. Insights from these works are expected to 

contribute to the advancement of CTCL research and personalized treatment strategies.

In Chapter 2, we first obtained GEMM mice capable of specific Socs1 knockout in skin-

homing CD4+ T cells through breeding. We explored optimal conditions for tamoxifen 

administration outside the skin. Subsequently, an eight-week experiment using 

GEMM mice demonstrated that a single copy loss of Socs1, combined with persistent 

inflammation, was insufficient to initiate an early-stage mycosis fungoides-like phenotype 

within these mice in eight weeks.

To further confirm the causal role of Socs1 allele loss in the development of MF, Chapter 
3 involves a larger group size (8-9) for stronger statistical power and extends the duration 

of the experiment. The experimentally induced contact allergic reaction continued for 20 

weeks. Ten weeks after stopping the contact allergic challenge, we found that local Socs1 

mono-allelic loss in CD4+ T cells in chronically inflamed skin leads to autonomous skin 

inflammation with early MF characteristics.

Chapter 4 introduces a novel conditional knockout mouse model with Hnrnpk mono-allelic 

deletion in CD4+ T cells in the skin. Repeated contact allergic challenges were performed to 

maintain prolonged skin inflammation for 20 weeks, followed by a 20-week period without 

further treatment. This model mimics key features of early CTCL, including chronic skin 

inflammation, CD3+ CD4+ cell infiltration, and minimal disturbance in peripheral blood. 

It offers an experimental pathway to study complex microenvironments and immune 
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responses, enabling in-depth research into the function of HNRNPK, especially regarding 

de novo development against CTCL.

In Chapter 5, we utilized the novel strain of homozygous and heterozygous mice developed 

in Chapter 4 to elucidate the role of Hnrnpk as an initiating factor when deleted in skin-

homing CD4+ T cells, combined with repeated exposure to OXA. We further investigated 

the role of Hnrnpk deletion as an initiating factor in the pathogenesis of CTCL in skin-

resident CD4+ T cells.

Chapter 6 presents a comprehensive overview of the data gathered in this study, along 

with an exploration of both clinical and research implications associated with this thesis.



27

1
References

1.	 Willemze R, Cerroni L, Kempf W, et al. The 2018 update of the WHO-EORTC classification for 

primary cutaneous lymphomas [published correction appears in Blood. 2019 Sep 26;134(13):1112]. 

Blood. 2019;133(16):1703-1714. doi:10.1182/blood-2018-11-881268

2.	 Tensen CP, Quint KD, Vermeer MH. Genetic and epigenetic insights into cutaneous T-cell 

lymphoma. Blood. 2022;139(1):15-33. doi:10.1182/blood.2019004256

3.	 Voskoglou-Nomikos T, Pater JL, Seymour L. Clinical predictive value of the in vitro cell line, 

human xenograft, and mouse allograft preclinical cancer models. Clin Cancer Res. 2003;9(11):4227-

4239.

4.	 Gill RPK, Gantchev J, Martínez Villarreal A, et al. Understanding Cell Lines, Patient-Derived 

Xenograft and Genetically Engineered Mouse Models Used to Study Cutaneous T-Cell Lymphoma. 

Cells. 2022;11(4):593. Published 2022 Feb 9. doi:10.3390/cells11040593

5.	 Mosier DE. Immunodeficient mice xenografted with human lymphoid cells: new models 

for in vivo studies of human immunobiology and infectious diseases. J Clin Immunol. 1990;10(4):185-

191. doi:10.1007/BF00918650

6.	 Shultz LD, Lyons BL, Burzenski LM, et al. Human lymphoid and myeloid cell development 

in NOD/LtSz-scid IL2R gamma null mice engrafted with mobilized human hemopoietic stem cells. J 

Immunol. 2005;174(10):6477-6489. doi:10.4049/jimmunol.174.10.6477

7.	 Yamashita Y, Sato T, Noishiki K, et al. Data on long-term survival of the NOD/Shi-scid IL-

2Rγnull (NOG) mouse in two facilities. J Toxicol Sci. 2021;46(10):453-469. doi:10.2131/jts.46.453

8.	 Cortes JR, Patrone CC, Quinn SA, et al. Jak-STAT Inhibition Mediates Romidepsin and 

Mechlorethamine Synergism in Cutaneous T-Cell Lymphoma. J Invest Dermatol. 2021;141(12):2908-

2920.e7. doi:10.1016/j.jid.2021.04.023

9.	 Agliano A, Martin-Padura I, Mancuso P, et al. Human acute leukemia cells injected in NOD/

LtSz-scid/IL-2Rgamma null mice generate a faster and more efficient disease compared to other 

NOD/scid-related strains. Int J Cancer. 2008;123(9):2222-2227. doi:10.1002/ijc.23772

10.	 Carreno BM, Garbow JR, Kolar GR, et al. Immunodeficient mouse strains display marked 

variability in growth of human melanoma lung metastases. Clin Cancer Res. 2009;15(10):3277-3286. 

doi:10.1158/1078-0432.CCR-08-2502

11.	 Brehm MA, Shultz LD, Luban J, Greiner DL. Overcoming current limitations in humanized 

mouse research. J Infect Dis. 2013;208 Suppl 2(Suppl 2):S125-S130. doi:10.1093/infdis/jit319

12.	 Prochazka M, Gaskins HR, Shultz LD, Leiter EH. The nonobese diabetic scid mouse: model 

for spontaneous thymomagenesis associated with immunodeficiency. Proc Natl Acad Sci U S A. 

1992;89(8):3290-3294. doi:10.1073/pnas.89.8.3290

13.	 Pearson T, Shultz LD, Miller D, et al. Non-obese diabetic-recombination activating 

gene-1 (NOD-Rag1 null) interleukin (IL)-2 receptor common gamma chain (IL2r gamma null) null 

mice: a radioresistant model for human lymphohaematopoietic engraftment. Clin Exp Immunol. 

2008;154(2):270-284. doi:10.1111/j.1365-2249.2008.03753.x

14.	 Kaushik A, Kelsoe G, Jaton JC. The nude mutation results in impaired primary antibody 

repertoire. Eur J Immunol. 1995;25(2):631-634. doi:10.1002/eji.1830250249



28

15.	 Charley MR, Tharp M, Locker J, et al. Establishment of a human cutaneous T-cell lymphoma 

in C.B-17 SCID mice. J Invest Dermatol. 1990;94(3):381-384. doi:10.1111/1523-1747.ep12874500

16.	 Shibata S, Asano T, Ogura A, et al. SCID-bg mice as xenograft recipients. Lab Anim. 

1997;31(2):163-168. doi:10.1258/002367797780600107

17.	 Chicha L, Tussiwand R, Traggiai E, et al. Human adaptive immune system Rag2-/-

gamma(c)-/- mice. Ann N Y Acad Sci. 2005;1044:236-243. doi:10.1196/annals.1349.029

18.	 Manfè V, Biskup E, Willumsgaard A, et al. cMyc/miR-125b-5p signalling determines 

sensitivity to bortezomib in preclinical model of cutaneous T-cell lymphomas. PLoS One. 

2013;8(3):e59390. doi:10.1371/journal.pone.0059390

19.	 Huang Y, Su MW, Jiang X, Zhou Y. Evidence of an oncogenic role of aberrant TOX activation 

in cutaneous T-cell lymphoma. Blood. 2015;125(9):1435-1443. doi:10.1182/blood-2014-05-571778

20.	 Jain S, Stroopinsky D, Yin L, et al. Mucin 1 is a potential therapeutic target in cutaneous T-cell 

lymphoma. Blood. 2015;126(3):354-362. doi:10.1182/blood-2015-02-628149

21.	 Wu X, Wang TW, Lessmann GM, et al. Gallium maltolate inhibits human cutaneous T-cell 

lymphoma tumor development in mice. J Invest Dermatol. 2015;135(3):877-884. doi:10.1038/

jid.2014.476

22.	 Andrique L, Poglio S, Prochazkova-Carlotti M, et al. Intrahepatic Xenograft of Cutaneous 

T-Cell Lymphoma Cell Lines: A Useful Model for Rapid Biological and Therapeutic Evaluation. Am J 

Pathol. 2016;186(7):1775-1785. doi:10.1016/j.ajpath.2016.03.012.

23.	 Jain S, Washington A, Leaf RK, et al. Decitabine Priming Enhances Mucin 1 Inhibition 

Mediated Disruption of Redox Homeostasis in Cutaneous T-Cell Lymphoma. Mol Cancer Ther. 

2017;16(10):2304-2314. doi:10.1158/1535-7163.MCT-17-0060.

24.	 Netchiporouk E, Gantchev J, Tsang M, et al. Analysis of CTCL cell lines reveals important 

differences between mycosis fungoides/Sézary syndrome vs. HTLV-1+ leukemic cell lines. Oncotarget. 

2017;8(56):95981-95998. Published 2017 Oct 7. doi:10.18632/oncotarget.21619

25.	 Poglio S, Prochazkova-Carlotti M, Cherrier F, et al. Xenograft and cell culture models 

of Sézary syndrome reveal cell of origin diversity and subclonal heterogeneity. Leukemia. 

2021;35(6):1696-1709. doi:10.1038/s41375-020-01068-2

26.	 Wu CH, Yang CY, Wang L, et al. Cutaneous T-Cell Lymphoma PDX Drug Screening Platform 

Identifies Cooperation between Inhibitions of PI3Kα/δ and HDAC. J Invest Dermatol. 2021;141(2):364-

373. doi:10.1016/j.jid.2020.05.110

27.	 Zhang XH, Nam S, Wu J, et al. Multi-Kinase Inhibitor with Anti-p38γ Activity in Cutaneous 

T-Cell Lymphoma. J Invest Dermatol. 2018;138(11):2377-2387. doi:10.1016/j.jid.2018.04.030

28.	 Gallardo F, Bertran J, López-Arribillaga E, et al. Novel phosphorylated TAK1 species with 

functional impact on NF-κB and β-catenin signaling in human Cutaneous T-cell lymphoma. Leukemia. 

2018;32(10):2211-2223. doi:10.1038/s41375-018-0066-4

29.	 Froehlich TC, Müller-Decker K, Braun JD, et al. Combined inhibition of Bcl-2 and NFκB 

synergistically induces cell death in cutaneous T-cell lymphoma. Blood. 2019;134(5):445-455. 

doi:10.1182/blood.2019001545

30.	 Wang H, Wang Z, Zhang H, et al. Bispecific human IL2-CCR4 immunotoxin targets human 

cutaneous T-cell lymphoma. Mol Oncol. 2020;14(5):991-1000. doi:10.1002/1878-0261.12653



29

1
31.	 Wang Z, Ma J, Zhang H, et al. CCR4-IL2 bispecific immunotoxin is more effective than 

brentuximab for targeted therapy of cutaneous T-cell lymphoma in a mouse CTCL model. FEBS Open 

Bio. 2023;13(7):1309-1319. doi:10.1002/2211-5463.13625

32.	 Habault J, Thonnart N, Ram-Wolff C, et al. Validation of AAC-11-Derived Peptide Anti-Tumor 

Activity in a Single Graft Sézary Patient-Derived Xenograft Mouse Model. Cells. 2022;11(19):2933. 

Published 2022 Sep 20. doi:10.3390/cells11192933

33.	 Lin M, Kowolik CM, Xie J, Yadav S, Overman LE, Horne DA. Potent Anticancer Effects of 

Epidithiodiketopiperazine NT1721 in Cutaneous T Cell Lymphoma [published correction appears 

in Cancers (Basel). 2021 Dec 07;13(24):]. Cancers (Basel). 2021;13(13):3367. Published 2021 Jul 5. 

doi:10.3390/cancers13133367

34.	 Velatooru LR, Hu CH, Bijani P, et al. New JAK3-INSL3 Fusion Transcript-An Oncogenic Event 

in Cutaneous T-Cell Lymphoma. Cells. 2023;12(19):2381. Published 2023 Sep 29. doi:10.3390/

cells12192381

35.	 Watanabe K, Gomez AM, Kuramitsu S, et al. Identifying highly active anti-CCR4 CAR 

T cells for the treatment of T-cell lymphoma. Blood Adv. 2023;7(14):3416-3430. doi:10.1182/

bloodadvances.2022008327.

36.	 Xiang J, Devenport JM, Carter AJ, et al. An “off-the-shelf” CD2 universal CAR-T therapy for 

T-cell malignancies. Leukemia. 2023;37(12):2448-2456. doi:10.1038/s41375-023-02039-z

37.	 Wu CH, Wang L, Yang CY, et al. Targeting CD70 in cutaneous T-cell lymphoma using an 

antibody-drug conjugate in patient-derived xenograft models. Blood Adv. 2022;6(7):2290-2302. 

doi:10.1182/bloodadvances.2021005714

38.	 Ohbo K, Suda T, Hashiyama M, et al. Modulation of hematopoiesis in mice with a truncated 

mutant of the interleukin-2 receptor gamma chain. Blood. 1996;87(3):956-967.

39.	 Ito A, Ishida T, Yano H, et al. Defucosylated anti-CCR4 monoclonal antibody exercises 

potent ADCC-mediated antitumor effect in the novel tumor-bearing humanized NOD/Shi-scid, IL-

2Rgamma(null) mouse model. Cancer Immunol Immunother. 2009;58(8):1195-1206. doi:10.1007/

s00262-008-0632-0

40.	 Kitadate A, Ikeda S, Teshima K, et al. MicroRNA-16 mediates the regulation of a 

senescence-apoptosis switch in cutaneous T-cell and other non-Hodgkin lymphomas. Oncogene. 

2016;35(28):3692-3704. doi:10.1038/onc.2015.435

41.	 Matsuda Y, Ikeda S, Abe F, et al. Downregulation of miR-26 promotes invasion and 

metastasis via targeting interleukin-22 in cutaneous T-cell lymphoma. Cancer Sci. 2022;113(4):1208-

1219. doi:10.1111/cas.15296

42.	 Ito M, Teshima K, Ikeda S, et al. MicroRNA-150 inhibits tumor invasion and metastasis 

by targeting the chemokine receptor CCR6, in advanced cutaneous T-cell lymphoma. Blood. 

2014;123(10):1499-1511. doi:10.1182/blood-2013-09-527739

43.	 Abe F, Kitadate A, Ikeda S, et al. Histone deacetylase inhibitors inhibit metastasis by 

restoring a tumor suppressive microRNA-150 in advanced cutaneous T-cell lymphoma. Oncotarget. 

2017;8(5):7572-7585. doi:10.18632/oncotarget.13810

44.	 Isabelle C, McConnell K, Boles AE, et al., Therapeutic Potential and Role of CD38 in 

Cutaneous T-Cell Lymphoma Pathogenesis. Blood, 2022. 140(Supplement 1): p. 9216-9218. 

doi:10.1182/blood-2022-170550



30

45.	 Christianson SW, Greiner DL, Hesselton RA, et al. Enhanced human CD4+ T cell engraftment 

in beta2-microglobulin-deficient NOD-scid mice. J Immunol. 1997;158(8):3578-3586.

46.	 Krejsgaard T, Kopp K, Ralfkiaer E, et al. A novel xenograft model of cutaneous T-cell 

lymphoma. Exp Dermatol. 2010;19(12):1096-1102. doi:10.1111/j.1600-0625.2010.01138.x

47.	 Pedersen IH, Willerslev-Olsen A, Vetter-Kauczok C, et al. Vascular endothelial growth factor 

receptor-3 expression in mycosis fungoides. Leuk Lymphoma. 2013;54(4):819-826. doi:10.3109/1042

8194.2012.726720

48.  	 Thode C, Woetmann A, Wandall HH, et al. Malignant T cells secrete galectins and induce 

epidermal hyperproliferation and disorganized stratification in a skin model of cutaneous T-cell 

lymphoma. J Invest Dermatol. 2015;135(1):238-246. doi:10.1038/jid.2014.284

49.	 Thaler S, Burger AM, Schulz T, et al. Establishment of a mouse xenograft model for mycosis 

fungoides. Exp Dermatol. 2004;13(7):406-412. doi:10.1111/j.0906-6705.2004.00201.x

50.	 Nakahashi K, Nihira K, Suzuki M, Ishii T, Masuda K, Mori K. A novel mouse model of 

cutaneous T-cell lymphoma revealed the combined effect of mogamulizumab with psoralen and 

ultraviolet a therapy. Exp Dermatol. 2022;31(11):1693-1698. doi:10.1111/exd.14641

51.	 Xia C, He Z, Cai Y, Liang S. Vorinostat upregulates MICA via the PI3K/Akt pathway to 

enhance the ability of natural killer cells to kill tumor cells. Eur J Pharmacol. 2020;875:173057. 

doi:10.1016/j.ejphar.2020.173057

52.	 Wang B, Li K, Wang H, Shen X, Zheng J. Systemic chemotherapy promotes HIF-1α-mediated 

glycolysis and IL-17F pathways in cutaneous T-cell lymphoma. Exp Dermatol. 2020;29(10):987-992. 

doi:10.1111/exd.14133

53.	 Bresin A, Cristofoletti C, Caprini E, et al. Preclinical Evidence for Targeting PI3K/mTOR 

Signaling with Dual-Inhibitors as a Therapeutic Strategy against Cutaneous T-Cell Lymphoma. J Invest 

Dermatol. 2020;140(5):1045-1053.e6. doi:10.1016/j.jid.2019.08.454

54.	 Le Y, Shen X, Kang H, et al. Accelerated, untargeted metabolomics analysis of cutaneous 

T-cell lymphoma reveals metabolic shifts in plasma and tumor adjacent skins of xenograft mice 

[published correction appears in J Mass Spectrom. 2018 Aug;53(8):739]. J Mass Spectrom. 

2018;53(2):172-182. doi:10.1002/jms.4048

55.	 Chen O, He Q, Han Q, et al. Mechanisms and treatments of neuropathic itch in a mouse 

model of lymphoma. J Clin Invest. 2023;133(4):e160807. Published 2023 Feb 15. doi:10.1172/

JCI160807

56.	 Furutani K, Chen O, McGinnis A, et al. Novel proresolving lipid mediator mimetic 3-oxa-

PD1n-3 docosapentaenoic acid reduces acute and chronic itch by modulating excitatory and inhibitory 

synaptic transmission and astroglial secretion of lipocalin-2 in mice. Pain. 2023;164(6):1340-1354. 

doi:10.1097/j.pain.0000000000002824

57.	 Yu XX, Zhu MY, Wang JR, et al. LW-213 induces cell apoptosis in human cutaneous T-cell 

lymphomas by activating PERK-eIF2α-ATF4-CHOP axis. Acta Pharmacol Sin. 2021;42(2):290-300. 

doi:10.1038/s41401-020-0466-7

58.	 Wang Y, Gu X, Li W, Zhang Q, Zhang C. PAK1 overexpression promotes cell proliferation 

in cutaneous T cell lymphoma via suppression of PUMA and p21. J Dermatol Sci. 2018;90(1):60-67. 

doi:10.1016/j.jdermsci.2017.11.019



31

1
59.	 Esmailzadeh S, Huang Y, Su MW, Zhou Y, Jiang X. BIN1 tumor suppressor regulates Fas/Fas 

ligand-mediated apoptosis through c-FLIP in cutaneous T-cell lymphoma. Leukemia. 2015;29(6):1402-

1413. doi:10.1038/leu.2015.9

60.	 Kato Y, Egusa C, Maeda T, Tsuboi R. Combination of retinoid and histone deacetylase 

inhibitor produced an anti-tumor effect in cutaneous T-cell lymphoma by restoring tumor suppressor 

gene, retinoic acid receptorβ2, via histone acetylation. J Dermatol Sci. 2016;81(1):17-25. doi:10.1016/

j.jdermsci.2015.10.016

61.	 Cattan AR, Douglas E. The C.B.17 scid mouse strain as a model for human disseminated 

leukaemia and myeloma in vivo. Leuk Res. 1994;18(7):513-522. doi:10.1016/0145-2126(94)90089-2

62.	 Tonozuka Y, Tanaka H, Nomura K, Sakaguchi K, Soeda J, Kakimoto Y. The combination of 

brentuximab vedotin and chidamide synergistically suppresses the proliferation of T-cell lymphoma 

cells through the enhancement of apoptosis. Cancer Chemother Pharmacol. 2024;93(2):137-149. 

doi:10.1007/s00280-023-04609-5

63.	 Doebbeling U. A mouse model for the Sézary syndrome. J Exp Clin Cancer Res. 

2010;29(1):11. Published 2010 Feb 11. doi:10.1186/1756-9966-29-11

64.	 Nakajima R, Miyagaki T, Kamijo H, et al. Possible therapeutic applicability of galectin-9 in 

cutaneous T-cell lymphoma. J Dermatol Sci. 2019;96(3):134-142. doi:10.1016/j.jdermsci.2019.09.004

65.	 Hao Z, Rajewsky K. Homeostasis of peripheral B cells in the absence of B cell influx from the 

bone marrow. J Exp Med. 2001;194(8):1151-1164. doi:10.1084/jem.194.8.1151

66.	 Adachi T, Kobayashi T, Sugihara E, et al. Hair follicle-derived IL-7 and IL-15 mediate skin-

resident memory T cell homeostasis and lymphoma. Nat Med. 2015;21(11):1272-1279. doi:10.1038/

nm.3962

67.	 van der Fits L, Rebel HG, Out-Luiting JJ, et al. A novel mouse model for Sézary syndrome 

using xenotransplantation of Sézary cells into immunodeficient RAG2(-/-) γc(-/-) mice. Exp Dermatol. 

2012;21(9):706-709. doi:10.1111/j.1600-0625.2012.01556.x

68.	 Herndler-Brandstetter D, Shan L, Yao Y, et al. Humanized mouse model supports 

development, function, and tissue residency of human natural killer cells. Proc Natl Acad Sci U S A. 

2017;114(45):E9626-E9634. doi:10.1073/pnas.1705301114

69.	 Gao J, Ren S, Choonoo G, et al. Microenvironment-dependent growth of Sezary cells in 

humanized IL-15 mice. Dis Model Mech. 2023;16(10):dmm050190. doi:10.1242/dmm.050190

70.	 Wu X, Sells RE, Hwang ST. Upregulation of inflammatory cytokines and oncogenic signal 

pathways preceding tumor formation in a murine model of T-cell lymphoma in skin. J Invest 

Dermatol. 2011;131(8):1727-1734. doi:10.1038/jid.2011.89

71.	 Kruglov O, Wu X, Hwang ST, Akilov OE. The synergistic proapoptotic effect of PARP-1 and 

HDAC inhibition in cutaneous T-cell lymphoma is mediated via Blimp-1. Blood Adv. 2020;4(19):4788-

4797. doi:10.1182/bloodadvances.2020002049

72.	 Wu X, Schulte BC, Zhou Y, et al. Depletion of M2-like tumor-associated macrophages 

delays cutaneous T-cell lymphoma development in vivo. J Invest Dermatol. 2014;134(11):2814-2822. 

doi:10.1038/jid.2014.206

73.	 Kruglov O, Johnson LDS, Minic A, et al. The pivotal role of cytotoxic NK cells in mediating 

the therapeutic effect of anti-CD47 therapy in mycosis fungoides. Cancer Immunol Immunother. 

2022;71(4):919-932. doi:10.1007/s00262-021-03051-x



32

74.	 Wu X, Singh R, Hsu DK, et al. A Small Molecule CCR2 Antagonist Depletes Tumor 

Macrophages and Synergizes with Anti-PD-1 in a Murine Model of Cutaneous T-Cell Lymphoma (CTCL). 

J Invest Dermatol. 2020;140(7):1390-1400.e4. doi:10.1016/j.jid.2019.11.018

75.	 Kittipongdaja W, Wu X, Garner J, et al. Rapamycin Suppresses Tumor Growth and Alters the 

Metabolic Phenotype in T-Cell Lymphoma. J Invest Dermatol. 2015;135(9):2301-2308. doi:10.1038/

jid.2015.153

76.	 Tanita K, Fujimura T, Sato Y, et al. Bexarotene Reduces Production of CCL22 From Tumor-

Associated Macrophages in Cutaneous T-Cell Lymphoma. Front Oncol. 2019;9:907. Published 2019 

Sep 20. doi:10.3389/fonc.2019.00907

77.	 Ohuchi K, Fujimura T, Kambayashi Y, et al. Successful treatment of mogamulizumab-

resistant mycosis fungoides with mogamulizumab plus etoposide combined therapy: Investigation 

of the immunomodulatory effects of etoposide on the tumor microenvironment. Dermatol Ther. 

2020;33(4):e13487. doi:10.1111/dth.13487

78.	 Hensbergen PJ, Wijnands PG, Schreurs MW, Scheper RJ, Willemze R, Tensen CP. The CXCR3 

targeting chemokine CXCL11 has potent antitumor activity in vivo involving attraction of CD8+ T 

lymphocytes but not inhibition of angiogenesis. J Immunother. 2005;28(4):343-351. doi:10.1097/01.

cji.0000165355.26795.27

79.	 Takahashi N, Sugaya M, Suga H, et al. Thymic Stromal Chemokine TSLP Acts through Th2 

Cytokine Production to Induce Cutaneous T-cell Lymphoma. Cancer Res. 2016;76(21):6241-6252. 

doi:10.1158/0008-5472.CAN-16-0992

80.	 Vieyra-Garcia PA, Wei T, Naym DG, et al. STAT3/5-Dependent IL9 Overexpression 

Contributes to Neoplastic Cell Survival in Mycosis Fungoides. Clin Cancer Res. 2016;22(13):3328-

3339. doi:10.1158/1078-0432.CCR-15-1784

81.	 Miyagaki T, Sugaya M, Oka T, et al. Placental Growth Factor and Vascular Endothelial 

Growth Factor Together Regulate Tumour Progression via Increased Vasculature in Cutaneous T-cell 

Lymphoma. Acta Derm Venereol. 2017;97(5):586-592. doi:10.2340/00015555-2623

82.	 Cornejo MG, Kharas MG, Werneck MB, et al. Constitutive JAK3 activation induces 

lymphoproliferative syndromes in murine bone marrow transplantation models. Blood. 

2009;113(12):2746-2754. doi:10.1182/blood-2008-06-164368

83.	 Rivera-Munoz P, Laurent AP, Siret A, et al. Partial trisomy 21 contributes to T-cell 

malignancies induced by JAK3-activating mutations in murine models. Blood Adv. 2018;2(13):1616-

1627. doi:10.1182/bloodadvances.2018016089

84.	 Sharpless NE, Depinho RA. The mighty mouse: genetically engineered mouse models in 

cancer drug development. Nat Rev Drug Discov. 2006;5(9):741-754. doi:10.1038/nrd2110

85.	 Bastidas Torres AN, Cats D, Mei H, et al. Genomic analysis reveals recurrent deletion of 

JAK-STAT signaling inhibitors HNRNPK and SOCS1 in mycosis fungoides. Genes Chromosomes Cancer. 

2018;57(12):653-664. doi:10.1002/gcc.22679

86.	 Basheer, F. and G. Vassiliou, Mouse Models of Myeloid Malignancies. Cold Spring Harb 

Perspect Med, 2021. 11(1)

87.	 Mouse Genome Sequencing Consortium, Waterston RH, Lindblad-Toh K, et al. Initial 

sequencing and comparative analysis of the mouse genome. Nature. 2002;420(6915):520-562. 

doi:10.1038/nature01262



33

1
88.	 Dummer R, Vermeer MH, Scarisbrick JJ, et al. Cutaneous T cell lymphoma. Nat Rev Dis 

Primers. 2021;7(1):61. Published 2021 Aug 26. doi:10.1038/s41572-021-00296-9

89.	 Hall B, Limaye A, Kulkarni AB. Overview: generation of gene knockout mice. Curr Protoc Cell 

Biol. 2009;Chapter 19:Unit-19.12.17. doi:10.1002/0471143030.cb1912s44

90.	 Aghajani K, Keerthivasan S, Yu Y, Gounari F. Generation of CD4CreER(T²) transgenic mice to 

study development of peripheral CD4-T-cells. Genesis. 2012;50(12):908-913. doi:10.1002/dvg.22052

91.	 Casola S, Cattoretti G, Uyttersprot N, et al. Tracking germinal center B cells expressing 

germ-line immunoglobulin gamma1 transcripts by conditional gene targeting. Proc Natl Acad Sci U S A. 

2006;103(19):7396-7401. doi:10.1073/pnas.0602353103

92.	 Fanok MH, Sun A, Fogli LK, et al. Role of Dysregulated Cytokine Signaling and Bacterial 

Triggers in the Pathogenesis of Cutaneous T-Cell Lymphoma. J Invest Dermatol. 2018;138(5):1116-

1125. doi:10.1016/j.jid.2017.10.028

93.	 Harro CM, Perez-Sanz J, Costich TL, et al. Methyltransferase inhibitors restore SATB1 

protective activity against cutaneous T cell lymphoma in mice. J Clin Invest. 2021;131(3):e135711. 

doi:10.1172/JCI135711

94.	 Viney JL. Transgenic and gene knockout mice in cancer research. Cancer Metastasis Rev. 

1995;14(2):77-90. doi:10.1007/BF00665792

95.	 Anthony S, Schluns KS. Emerging roles for IL-15 in the activation and function of T-cells 

during immune stimulation. Research and Reports in Biology. 2015;6:25-37 doi:10.2147/RRB.S57685

96.	 Fehniger TA, Suzuki K, Ponnappan A, et al. Fatal leukemia in interleukin 15 transgenic 

mice follows early expansions in natural killer and memory phenotype CD8+ T cells. J Exp Med. 

2001;193(2):219-231. doi:10.1084/jem.193.2.219

97.	 Mishra A, La Perle K, Kwiatkowski S, et al. Mechanism, Consequences, and Therapeutic 

Targeting of Abnormal IL15 Signaling in Cutaneous T-cell Lymphoma. Cancer Discov. 2016;6(9):986-

1005. doi:10.1158/2159-8290.CD-15-1297

98.	 Sindaco P, Pandey H, Isabelle C, et al. The role of interleukin-15 in the development and 

treatment of hematological malignancies. Front Immunol. 2023;14:1141208. Published 2023 Apr 20. 

doi:10.3389/fimmu.2023.1141208

99.	 Kohnken R, McNeil B, Wen J, et al. Preclinical Targeting of MicroRNA-214 in Cutaneous T-Cell 

Lymphoma. J Invest Dermatol. 2019;139(9):1966-1974.e3. doi:10.1016/j.jid.2019.01.033

100.	 Kohnken R, Wen J, Mundy-Bosse B, et al. Diminished microRNA-29b level is associated with 

BRD4-mediated activation of oncogenes in cutaneous T-cell lymphoma. Blood. 2018;131(7):771-781. 

doi:10.1182/blood-2017-09-805663 



34


